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Abstract 

We use the super version of RS construction method and Gauss decomposition to 
obtain Drinfel'd's currents realization of super Yangian double DY(gl(l\l)) with center 
extension 
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Yangians and quantum affine algebras are quantum algebras which are related respectively with 
rational and trigonometric solutions of Yang-Baxter equation [|IJ. The explicit isomorphism 
between two realizations of quantum affine algebras and Yangians given by Drinfel'd |2| and 
RS H| was established by Ding and Frenkel || using Gauss decomposition. In this paper, we 
use super version of RS construction method to define super Yangian double DY(gl(l\l)) || 
with center extension, and get its Drinfeld's currents realization by Guass decomposition. 

By V we denote a Z 2 -graded two-dimension vector space (graded auxiliary space), and set 
the first and second basis of V is even and odd respectively. In graded case, we must use this 
tensor product form: (A ® B)(C ® D) = (-l) p ( B ) p ( c ) AC ® BD, here P(A) =0,1 when A 
is bosonic and Fermionic respectively. Then the graded(super) Yang-Baxter equation(YBE) 
takes this formH: 



f]l2Rl2{u)f]i 3 Ri 3 (u + v)r)2 3 R23(v) = ^23-^23 (v)l] 13 R 13 (u + v) rji 2 Rl2 (u), 



(1) 



where R(u) G End(V <8> V) and it must obey weight conservation condition: Rij,kl 7^ only 
when i + j = k + I. rjikji = (— l) ( - J_1 ^ A:_1 - ) %5/fc . It's easily proved that the following R(u) 
matrix is a rational solution of super YBE: 



R(u) 



u + h 



(ul + V) 





u h 

h u 

u+h u+h 









2=1 



(2) 



u—h . 

u+h I 



This sulution of graded YBE satisfied unitarity condition: R{u)R2i{— u) = I. From this 
rational solution of graded YBE, we can define the super Yangian double DY(gl(l\l)) with a 
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central extension employing super version of RS method . Super Yangian Double 

DY (g/(l|l)) is a Hopf algebra generated by {^|1 < i, j < 2, k G Z} which obey the following 

relations: 



R(u — v)L^(u)r]Lf(v)r] = r\L 2 (v)r]L 1 (u)R(u — v) 
R(u_ - v + )Li(u)r)L2(v)r) = rjL^ (v)rjLf(u)R(u + - w_) 

here u± = u±jc and we have used standard notation: Lf(u) = L ± (w) ® 1, Lf(u) 
and L^iu) = (^( w )) 1< . . <2 ? ^( tt ) are generate functions of : 



fc>0 



-fc-1 



-fc-1 



(3) 
(4) 

1®L ± (m) 
(5) 



fc<0 



Hopf structure of DY (g/(l|l)) are defined as follows: 



A(/- 



u 



(«£(«) 



fe=l,2 4 4 

S'( st L ± («)) = ["L^uf 



(6) 

here [^(w)]^ = {-l) i+ H%{u) . 

From Ding-Frenkel theorem[|]] on two realizations of Yangians and quantum affine algebras, 
L ± (u) have the following decomposition: 

/ 1 



LHu) 







kf(u) 







[fHu) i 

kf(u) 



kt(u) 
kf{u)e ± {u) 




and the inversions of Li(u) can be writed as: 



(8) 




/» 1 



kfiu)- 1 
kfiu)- 1 

kf(u)- 1 + e ± (u)kf(u)- 1 f ± (u) -e±{u)kf{u)- 1 



Let 



(9) 

X + (v) = e + (v.) - e-(v+) X~(v) = f + (v + ) - />-) (10) 

To calculate the ( ant i-) commutation relations of X ± (-u) and kf(v) (i=l,2), we will use the 
following equivalent forms of eq.(^D(||): 

(11) 
(12) 

(13) 

(14) 

(15) 

(16) 



Lf{u)- x T]L^{v)- l i}R{u-v) 
L+(u)- 1 V L^(v)- 1 V R(u^-v + ) 
Lfi^Riu-v^L^v)- 1 ^ 
Li(u)R(u + - v^rjL^ (v)' 1 ^ 
L±{u)- 1 R 21 {v-u)r 1 L±{v)r 1 
Lf(u)~ 1 R 2 i{v + - uJ)-qL^{v)-q 



R{u - v^Lfivy^Lfiu)- 1 
R^-v^L^ivy'vLHu)- 1 
r]L^{v)- l 'qR{u-v)Lf{u) 
r]L2{v)~ l r]R(u-. - v + )Lf(u) 
riLtWriRa^v-^Ltiu)- 1 
r]L 2 (v)r]R 2l {v_ -u + )Z,^(u) _1 
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From (^|) (f|) and ([TT|) — fllBD, we can get all relations between kf(u) and (v) : 

[*f(u) , kt(v)] = [kf(u) , K(v)] = (17) 

> = , = (18) 

W± " ^ rktiumvT 1 = U *~ V± ^ {v)- l kt{u) (19) 



u± — v T + ft u T — v± + h 

1L--V + -h + t ! = Ti+-t;--fi t + x 

w_ - u + + ft J w 2 v 7 w + - w_ + ft 2 v 7 2 v 7 v 7 

From ©(§) and unitarity of i?-matrix, we have the following relations between kf(u) and 



thus 



so 



fc^/^e^) - ^^ (^(^(n) 



w — v + ft 

fcfftOfcfMe^u) M± ~ % , k?(v)e*(v)kf (u) 

u± — v T + n 



'' kf(v)kf(u)e ± {u) = (21) 



u± — v T + ft 

J 

M — V + ft 



fcf (v)kf (u)e ± (u) = (22) 



f+^kf^kfiu) kl (u)f±(v)kf(v) 



h f^kti^ktiv) = (23) 



u — V + ft 



r(v)kf(v)kf(u) - Ut V J— kt(u)F(v)kf(v) 
u T — v± + n 



u T — v± + ft 



/^(tt)^ (u)fcf (v) = (24) 



(u±-v + h)e ± (v T ) - (ti± - v)k±(u)- 1 e ± {v T )kf(u) - he ± {u) = (25) 

(u±-v + h)e T {v±) - (ti± - v)kf{u)- 1 e T {v ± )kf{u) - he ± {u) = (26) 

v + ft)/^) - (u T - (u)/*^)^ (u)" 1 - hf^u) = (27) 

« + h)fT(v T ) - (u T - v^fMPiv^kfiu)- 1 - hf±(u) = (28) 



A; 1 ± ( M )- 1 X+(i;)A; 1 ±( M ) = ^-J^X+M (29) 

tt± — u 

kti^X-Mktiu)- 1 = UT ~ V + h X-(v) (30) 

Now, we derive relations between k 2 (u) and X ± (v). From(|Tl~D (|12j) and unitarity of i?- 
matirx, we have 

^-^eHu)kf(u)^kf(vr l - -^-ki(v)-^(u)kt(u)^ 
u — v + n u — v + ft 
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+ ^^(tOA^iO-^Cu)- 1 = (31) 

u — v + n 

+ u± _l +h e*(v)k*(vr 1 ki(ur 1 = O (32) 

+ n -—rkf{u)- l kf{v)- l f ± {v) = (33) 

u — v + a 

u± — v T + n u T — v± + n 

+ n —-rk±{u)- 1 k%{vy'F(v) = (34) 

u T — v± + n 

Using relations between k^iu) and k%(v) (|18D (^0D, we have 

(« T - w - ^)e ± (w T ) - (u T - v)kf( y v)- 1 e ± (u T )kf(v) + he ± (v) = (35) 

(u - v T - h)e ± (u T ) - (u - v T )k^(vY l e ± (u T )k^(v) + he T (v) = (36) 

(u±-v- tyfyu*) - (u± - v)kf(v)f ± (u ± )kt(v)- 1 + hf±(v) = (37) 

(u-v ± - tyf^u*) -(u- v^^f^u^iv)- 1 + hF(v) = (38) 

then 

ktiu^X+MkZOu) = U± ~ V + h X + (v) (39) 

u± — V 

qi — I) _|_ n 

kfMX-Mktiu)- 1 = -± —X-(v) (40) 

u T — V 

Now, we calculate the relations between X ± (u) and X ± (v) . From (|3|)([D and unitarity of 
i?-matirx , we have 

kUu)e ± {u)kf(v)e ± {v) + ht{v)e ± (v)kf(u)e ± (u) = (41) 

u — v + n 

kf(u)e ± (u)kf(v)e T (v) + U± - Vt - \ f(v)e T (v)k^(u)e ± (u) = (42) 

u± — w T + n 

-f^kf^f^kfiv) + = (43) 



u — v + h ' 

"= ~ V^^W/^MAf («) + Z^)/^)/^)^) = (44) 



u T — v± + ft ' 

Using the above relations between X ± (u) (or e ± (u) and / ± (w)) and kf(v), it's easily to get the 
following relations; 

X+(n)X+(i;) + X + (v)X + (u) = (45) 
+X-(v)X-(u) = (46) 
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From (^|) (f|) and unitarity of f?-matirx, we have following relations : 



u — v + h u — v + h 

l— f - (kf(u) + fH^kf^eHu)) kf(v) 

u — v + n v ' 

^—T (kf(v) + f^kf^iv)) kf(u) = (47) 

Ut ~ V± kf(u)e ± (u)f^(v)kf(v) + — - Vt % f T (v)kf(v)kf(u)e ± (u) 



u T — v± + h u± — v T + h 

h —— (kf(u) + fH^kfiu^Hu)) k?(v) 

u T — v± + n K ' 

- (M{v) + F(v)k?(v)e*(v)) kf(u) = (48) 

then using (p3|) (p4|) and the following relations which also from (0)(|4j) and unitarity of 
i?-matirx: 

kf {u)e ± (u) kf (v) — —rkf (v) kf (u) e ± (u) 



u — v + h 



li kf(v)e ± {v)kf(u) = (49) 



u — v + h 



kf(u)e ± (u)kf(v) ^ — ^kf(v)kf(u)e ± (u) 

u± — v T + h 



h kf(v)eT(v)kf(u) = (50) 



u± — v T + h 



we obtain: 

e ± (u)f ± (v) + f ± (v)e ± (u) = -^—kf(u)- l k±{u) —kfivY^iv) (51) 

u — v u — V 

e ± {u)r{v) + Fivy^u) = -J—kf(u)- x kf{u) — fcfW^^W (52) 

u T — v± u± — v T 

then 

{X + {u) , X~(v)} = h [<?(«_ - w+)A; 1 + (u_)- 1 A;+(n_) - 5(u+ - (v-) -1 ^ («_)] (53) 

where 5(u — v) = J2kez uhv ~ k l - 

In a word, we get all relations between kf(u) (i=l,2) and X ± (v): 

[kt(u) , kt(v)} = [*+(«) , fcT(t;)] = (54) 
[kfiu) , fc±(«)] = [kf{u) , kt{v)\ = (55) 

U± ~ V l ktiuMW = U *~ V± k*{v)^kt{u) (56) 
u± — v T + n u T — v± + h 

U -~ V+ ~S +(u)- l k 2 (v)- 1 = M+ ~^~^ -(^)- 1 fc+( M )- 1 (57) 

fcfCwJ-^+^Jfef («) = U± ~ V __ +h X + (v) (i = 1, 2) (58) 
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kt{u)X-{v)kf(u)- 1 = Ut V + h X-(v) 



u T — V 



1,2) 



{X+(u) , X+(v)} = {X-(u) , X-(v)} = 

{X + (u) , X~(v)} = h \5(u- - v+)A; 1 + (m_)- 1 A;+(m_) - 5(u + - u_)Jfe7/(v_) -1 fc2 (v_ 



Introducing a transformation for currents: 
K ± (u) = kf(u+^y 1 kf(u + ^) 



H±(u) = kf(u-^)kf(u + ^) 
F{u) = X-{u + \) 



E(u) =X+0+§) 

then all relations among K ± (u), i7 ± (M), E(u) and F(u) can be calculated as follows: 



(59) 

(60) 
(61) 

(62) 
(63) 



[K^u) , K^v)] = \K + {u) , K~(v)] = 



h 



v± + h 
u T — v± — h s 
v± + h. 



u± — v T + h 



H ± {u)H 1L {v) = H^iv)^^ 



u± - v T 



U± — V =r + fl 



[K^u) , E{v)\ = [K^u) , F(v)} = 



±r„.\ - u ±- v + h zj±, 



H ± (u)F(v) 
{E(u) , F(v)} 



u± — v — h 
v + h 



Uz 



Uzp — v — h 



F^H+iu) 



5{u_ - v + )K+{u_) - 5(u + - vJ)K~{vJ) 



The co-product structure can be derived directly from (D)(0) 



(64) 
(65) 

(66) 



(67) 
(68) 
(69) 

(70) 
(71) 



E ± (u) ® 1 + H^u =F jc t ) ® E ± (u t -c x ) 
1 ® F ± (u) + F ± (u ± ^c 2 ) <8> H+iu ± %: 2 ) 

-H ± (u± ^c 2 ) ® ff±(iz =f ^ Cl ) - 2F ± (u ± ^c 2 =f - ft)#±(u ± ^c 2 ) 
iT(u =F ^c 1 ) ± E ± (u ± ^c 2 =F - Cl - ft)) 

:K ± (M±^C 2 )®K ± (MT^Ci) 

e(K ± ( U )) = 6(i7 ± (u)) = 1 
e^)) = e(F±(u)) = 



A [e ± {u) 
A (F ± (n) 
A (^ ± (m) 

A (K^u) 



(72) 
(73) 

® 

(74) 

(75) 

(76) 
(77) 



The quantum affine superalgebra U q (gl(l\l)) corresponding to the trigonometric solution of 

super YBE have also been studied in our paper and the general case U q (gl(m\n)) have been 
independently worked out by Zhang |§. 
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